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Long-term effects of pituitary POMC rescue in Pomc–/– mice on 
growth, adipose mass, and glucose homeostasis. The complete absence 
of POMC in Pomc–/– mice resulted in significantly increased 
body weight in both sexes compared with that of Pomc+/+ mice, 





Transgenic rescue of pituitary POMC expression. (A) Schematic of WT Pomc+, null Pomc–, and pHalEx2* Tg alleles. A neomycin (Neo) selec-
tion cassette replaces exon 3 in the Pomc– allele, and a 23-bp oligonucleotide (asterisk) is inserted in the 5′ untranslated region of exon 2 of the 
Tg allele. The arrow above exon 1 represents the transcriptional start site. PCR primer locations for genotyping of the Pomc+ (i and ii), Pomc– 
(iii and iv), and Tg (v and vi) alleles are indicated by half-arrows. (B and C) ACTH immunoreactivity in the pituitary anterior lobe (AL), intermedi-
ate lobe (IL), and medial basal hypothalamus (MBH) from mice of the indicated genotypes. 3V, third ventricle. Scale bars: 300 µm (pituitary) 
and 100 µm (MBH). (D and E) Quantitation of αMSH content in the pituitary gland and MBH from male mice of the indicated genotypes (n = 4). 
*P < 0.01, **P < 0.001, and ***P < 0.0001 compared with Pomc+/+Tg+. (F) Basal diurnal corticosterone levels in 10- to 15-week-old male and 
female Pomc+/+Tg+ and Pomc–/–Tg+ mice.
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The effects of rescued pituitary POMC expression 
on body weight and length in the Pomc–/– back-
ground. (A) Body weight curves for male and female 
Pomc+/+, Pomc+/–, and Pomc–/– mice with and with-
out the pHalEx2* transgene (n = 9–44). Repeated-
measures ANOVAs from 1 to 26 weeks old showed 
interactions between week and genotype for both 
sexes. Males: P < 0.0001, Pomc–/–, Pomc–/–Tg+, and 
Pomc+/–Tg+ compared with Pomc+/+ or Pomc+/+Tg+; 
P < 0.001, Pomc+/– compared with Pomc+/+ or 
Pomc+/+Tg+. Females: P < 0.0001, Pomc–/– and 
Pomc–/–Tg+ compared with Pomc+/+ or Pomc+/+Tg+. 
(B) Body lengths of males at age 44 ± 1.3 weeks 
and females at age 59 ± 2 weeks differed by gen-
otype (F5,44 = 5.9, P < 0.0005, and F5,37 = 13.4, 
P < 0.0001, respectively). *P < 0.01, **P < 0.001, 
and ***P < 0.0001 compared with Pomc+/+.
Figure 3
Weights of adipose tissue and liver from male and female Pomc+/+, 
Pomc+/–, and Pomc–/– mice with and without pHalEx2* transgene 
expression. Adipose depots are the combined renal/visceral, gonad-
al, and subcutaneous inguinal white fat pads. The box and whisker 
plots show the 10th, 25th, 50th (median), 75th, and 90th percentiles 
and individual outlying data points (open circles). Males, age 41 ± 1 
weeks (n = 3–10). Females, age 55 ± 1.7 weeks (n = 4–6). *P < 0.05, 
**P < 0.01, and ***P < 0.0001 compared with Pomc+/+.
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Development and maintenance of obesity in young and adult Pomc–/– and 




































Glucose homeostasis in WT and mutant Pomc mice
	 	 Male	 	 	 Female	
Genotype	 Glucose	(mg/dl)	 Insulin	(ng/ml)	 HOMA	index	 Glucose	(mg/dl)	 Insulin	(ng/ml)	 HOMA	index
Pomc+/+ 89 ± 7 0.73 ± 0.20 4.7 ± 1.8 83 ± 5 0.46 ± 0.08 2.7 ± 0.6
Pomc+/+Tg+ 94 ± 8 0.99 ± 0.30 6.5 ± 2.4 78 ± 6 0.60 ± 0.20 3.6 ± 1.6
Pomc+/– 108 ± 7 0.86 ± 0.14 6.1 ± 1.0 85 ± 6 0.36 ± 0.03 1.9 ± 0.2
Pomc+/–Tg+ 102 ± 9 1.38 ± 0.20 9.6 ± 1.9 88 ± 7 0.32 ± 0.06 1.8 ± 0.3
Pomc–/– 124 ± 8A 1.15 ± 0.17 8.9 ± 1.1 85 ± 13 0.78 ± 0.33 4.6 ± 2.2
Pomc–/–Tg+ 125 ± 13A 2.91 ± 0.54B 26.5 ± 6.5B 89 ± 6 2.52 ± 0.33B 14.8 ± 2.4B
Fasting glucose and insulin levels were from 6- to 8-month-old mice (n = 5–23). The homeostasis assessment (HOMA) index of insulin resistance was calcu-
lated using the formula [blood glucose (mmol/l)][plasma insulin (mU/l)]/22.5. AP < 0.01 versus Pomc+/+ and Pomc+/+Tg+; BP < 0.0001 versus all other genotypes.
Figure 4
Food intake in Pomc+/+Tg+, Pomc–/–, and Pomc–/–Tg+ mice provided ad libitum access to chow. (A and B) There were genotype differences in 24-hour 
food intake in 6-week-old males (F2,17 = 25.8, P < 0.0001) and females (F2,15 = 5.418, P < 0.05) (A) and in 26-week-old males (F2,19 = 20.2, 
P < 0.0001) and females (F2,21 = 30.5, P < 0.0001) (B). (C) Genotype differences were also observed in 24-hour food intake corrected for meta-
bolic mass ([food intake (g)]/[body weight (g)]0.75 × 100) at ages 6 weeks (F2,32 = 4.1, P < 0.05) and 26 weeks (F2,45 = 6.6, P < 0.005) but not at 
age 9 weeks (F2,21 = 0.2, P = 0.82) (males and females combined). *P < 0.05, **P < 0.01, and ***P < 0.001 compared with Pomc+/+Tg+.
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Corticosterone replacement augmented weight gain and obe-
sity in Pomc–/– mice. To determine whether glucocorticoids, 
























Basal metabolic rate and RQ. (A and B) Basal metabolic rate measured by 
VO2 consumption corrected for metabolic mass (ml/kg0.75/h) in 10-week-old 
(A) and 30-week-old (B) mice (n = 5–9). Basal metabolic rate differed by 
genotype in males (F3,18 = 3.2, P < 0.05) but not females (F3,20 = 1.7, P = 0.19) 
at age 10 weeks (A) and in both males (F2,18 = 6.1, P < 0.01) and females 
(F2,18 = 6.8, P < 0.01) at age 30 weeks (B). PF, pair-fed. **P < 0.01 compared 
with Pomc+/+Tg+. (C) RQ was higher in both male and female Pomc–/–Tg+ 
compared with Pomc–/– and Pomc+/+Tg+ mice at age 30 weeks. Repeated-
measures ANOVAs showed a main effect of genotype for males (F2,198 = 3.4, 
P = 0.05) and females (F2,198 = 24.6, P < 0.0001).
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Growth curves, fat mass, and plasma leptin lev-
els of individually housed Pomc+/+Tg+, Pomc–/–, 
and Pomc–/–Tg+ mice from ages 5 to 15 weeks. 
(A) The effect on body weight of pair-feeding 
(PF) of Pomc–/–Tg+ mice to the daily food intake 
of Pomc+/+Tg+ mice starting at age 5 weeks 
(n = 5–11). Repeated-measures ANOVAs over 
the 10-week period showed a main effect of 
group for males (F18,117 = 21.5, P < 0.0001) and 
females (F18,144 = 24.6, P < 0.0001). One-factor 
ANOVAs showed that Pomc–/–Tg+ pair-fed mice 
differed from Pomc–/–Tg+ mice fed ad libitum 
and Pomc+/+Tg+ mice fed ad libitum (P < 0.001); 
Pomc–/– mice fed ad libitum also differed from 
Pomc+/+Tg+ mice fed ad libitum and Pomc–/–Tg+ 
mice fed ad libitum (P < 0.001) but not from 
Pomc–/–Tg+ pair-fed mice. (B) The effects of 
pair-feeding of Pomc–/–Tg+ mice on accumula-
tion of fat mass. The combined weight of 4 white 
fat pads (renal, visceral, gonadal, and inguinal) 
was different among groups in 15- to 20-week-
old male (F3,17 = 50.3, P < 0.0001) and female 
(F3,23 = 35.9, P < 0.0001) mice. *P < 0.05, **P < 0.001, 
and ***P < 0.0001 compared with Pomc+/+Tg+; 
#P < 0.0001 compared with Pomc–/–Tg+. (C and 
D) The effect of pair-feeding of Pomc–/–Tg+ mice 
on plasma leptin levels. Data are the means 
and scattergrams of all individual leptin levels 
(n = 9–19) obtained after a 16-hour overnight 
fast in 9-week-old (C) and ad libitum–fed 15- to 
20-week-old (D) mice of both sexes.
research article






















Hyperphagia and decreased energy expen-




























































The effect on body weight, food intake, and plasma corticosterone levels of corticosterone (Cort) 
replacement (25 µg/ml drinking water) in Pomc–/– and C57BL/6J Pomc+/+ mice starting at age 6–9 
weeks. Pomc+/+ mice (n = 20; 10 males and 10 females) were separated into 2 groups and received 
either water (n = 10) or corticosterone (n = 10) for 34 consecutive days. All Pomc–/– mice (n = 5; 
3 males and 2 females) were first given corticosterone (days 1–16, filled circles), then water (days 
16–25, open circles), and finally corticosterone again (days 25–34, filled circles). (A) Weight gain 
was significantly accelerated by corticosterone replacement in Pomc–/– mice but was unaltered 
in Pomc+/+ mice of either sex. (B) Average daily food intake measured over a 7-day period was 
increased in Pomc–/– mice (corticosterone versus water, **P = 0.01, paired t test) but was unchanged 
by corticosterone treatment in Pomc+/+ mice. (C) Plasma corticosterone levels obtained under 
stress-free conditions at 0800 and 2400 hours. Corticosterone was always less than 12.5 ng/ml 
(assay sensitivity) for Pomc–/– mice without replacement (data not shown).
research article























Peripheral and central actions of glucocorticoids combine to augment the obe-































































































reported  similar metabolic  consequences  but  with  greater 
adverse effects on the animals’ overall health (64).
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Generation and breeding of mice. A  colony of Pomc mutant mice on a 
B6;129X1;129S6 hybrid genetic background was established as described 
previously (71). The novel strain of transgenic mice was generated by 


























Analysis of POMC peptide expression .   Mice  were  anesthetized 











































































































































































MC4R  associated  with  dominantly  inherited 
human obesity. Nat. Genet. 20:111–112.
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